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SUBSTRATE POTENTIAL DETECTING 
CIRCUIT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a substrate potential 
detecting circuit. 

2. Description of the Prior Art 
In general, a substrate potential detecting circuit is used as 

When a substrate potential generating circuit is controlled to 
be turned on or off according to the substrate potential. As 
shoWn in FIG. 9, a prior art substrate potential detecting 
circuit is a series circuit constructed by connecting n-units of 
resistances R1, R2, . . . , Rn in series. One end of this series 
circuit is connected to a drive supply voltage V1; the other 
end thereof is connected to a substrate voltage V2; and an 
output voltage V0,” is derived from an intermediate junction 
node of the series circuit. 

In the prior art substrate potential detecting circuit as 
described above, it is desirable to use high resistances to 
reduce the poWer consumption thereof. For instance, When 
the substrate potential detecting circuit is connected betWeen 
a supply potential of 5V and a p-type substrate potential of 
0 V and further When current consumed through the resis 
tances is required to be reduced doWn to 0.01 MA, the 
necessary resistance value is as high as SOOMQ. For this 
purpose, in general, a Well having a high sheet resistance has 
been so far used. In this case, hoWever, there exists a 
problem in that a large pattern area is required. For instance, 
When the sheet resistance of the Well is 1 k9, a layout pattern 
having a Width of 1 pm and a length of 40 mm is necessary, 
so that a pattern area of about 1 mm square is needed. On the 
other hand, since there exists such a tendency that the sheet 
resistance value of the Well decreases With increasing micro 
miniaturiZation of the device, this problem becomes serious 
more and more. 

Further, When a signal varying very sloWly (e.g., the 
substrate potential) is inputted to the substrate potential 
detecting circuit as an input signal, since the output is 
responsive to a slight potential variation (e.g., caused by 
noise) of the substrate potential, a resistance against noise is 
also required. 

SUMMARY OF THE INVENTION 

With these problems in mind, therefore, it is the object of 
the present invention to provide a substrate potential detect 
ing circuit Which can be formed in a small area, While 
reducing the poWer consumption. 

To achieve the above-mentioned object, the ?rst aspect of 
the present invention provides a substrate potential detecting 
circuit, comprising: a series circuit composed of a plurality 
of same-conductivity type MOS transistors each having a 
source terminal connected to a substrate terminal thereof and 
a drain terminal connected to a gate terminal thereof, chan 
nel Widths of all the MOS transistors being determined equal 
to each other and so selected that all the transistors are 
operative in a sub-threshold region, respectively. 

Further, the second aspect of the present invention pro 
vides a substrate potential detecting circuit, comprising: ?rst 
to n-th (n22) series circuits each composed of a plurality of 
same-conductivity type MOS transistors; each of the tran 
sistors for constituting the i-th (i=1, . . . , n) series circuit 
having a source terminal connected to a substrate terminal 
thereof and a drain terminal connected to a gate terminal 
thereof; the i-th (i=2, . . . , n) series circuit being connected 
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2 
betWeen tWo different junction nodes of a transistor train for 
constituting the (i—1)-th series circuit; and channel Widths of 
all the MOS transistors for constituting the i-th (i=1, . . . , n) 
series circuit being determined equal to each other and so 
selected that all the transistors for constituting the i-th series 
circuit are operative in a sub-threshold region, respectively. 

Further, the third aspect of the present invention provides 
the substrate potential detecting circuit of the ?rst aspect, 
Which further comprises: an inversion gate; and an RS 
?ip-?op circuit having: a set input terminal connected to one 
of tWo different junction nodes of a transistor train for 
constituting the series circuit, and a rest terminal connected 
to the other of the tWo different junction nodes via the 
inversion gage. 

Further, the fourth aspect of the present invention pro 
vides the substrate potential detecting circuit of the second 
aspect, Which further comprises: an inversion gate; an RS 
?ip-?op circuit having: a set input terminal connected to one 
of tWo different junction nodes of a transistor train for 
constituting the n-th series circuit, and a rest terminal 
connected to the other of the tWo different junction nodes via 
the inversion gage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit diagram shoWing a ?rst embodiment of 
the substrate potential detecting circuit according to the 
present invention; 

FIG. 2 is a circuit diagram shoWing a second embodiment 
of the substrate potential detecting circuit according to the 
present invention; 

FIG. 3A is a circuit diagram shoWing a third embodiment 
of the substrate potential detecting circuit according to the 
present invention; 

FIG. 3B is an illustration for assistance in explaining the 
operation of the third embodiment of the circuit shoWn in 
FIG. 3A; 

FIG. 4A is a circuit diagram shoWing a fourth embodi 
ment of the substrate potential detecting circuit according to 
the present invention; 

FIG. 4B is an illustration for assistance in explaining the 
operation of the fourth embodiment of the circuit shoWn in 
FIG. 4A; 

FIG. 5A is a circuit diagram shoWing a ?fth embodiment 
of the substrate potential detecting circuit according to the 
present invention; 

FIG. 5B is an illustration for assistance in explaining the 
operation of the ?fth embodiment of the circuit shoWn in 
FIG. 5A; 

FIG. 6A is a circuit diagram shoWing a sixth embodiment 
of the substrate potential detecting circuit according to the 
present invention; 

FIG. 6B is an illustration for assistance in explaining the 
operation of the sixth embodiment of the circuit shoWn in 
FIG. 6A; 

FIG. 7 is a circuit diagram shoWing a seventh embodiment 
of the substrate potential detecting circuit according to the 
present invention; 

FIG. 8 is a circuit diagram shoWing an eighth embodiment 
of the substrate potential detecting circuit according to the 
present invention; and 

FIG. 9 is a circuit diagram shoWing a prior art substrate 
potential detecting circuit. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIG. 1 shoWs the ?rst embodiment of the substrate 
potential detecting circuit according to the present invention, 
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Which is a series circuit composed of a plurality of p-type 
MOS transistors 21, . . . , 2” each having a source terminal 

connected to each substrate terminal and a drain terminal 
connected to a gate thereof. In other Words, the drain 
terminal of a transistor 2,- (i=1, 2, . . . , n-1) is connected a 

source terminal of another transistor 2H1, respectively. 
Further, a potential VX is applied to the source terminal of 
the transistor 21; another potential VY (<VX) is applied to the 
drain terminal of the transistor 2”; and an output signal VOW 
is derived from an intermediate junction node of the above 
mentioned series circuit. Further, one of the potentials VX 
and VY is a potential of the drive voltage supply and the 
other thereof is a potential of the substrate to be detected 
(i.e., an input signal). 

Further, the channel Widths of all the transistors 21, . . . , 

2”, are determined equal to each other. In this case, it is 
necessary to select the channel Width thereof in such a Way 
that the transistor is operative in the sub-threshold region of 
the transistor. 

The operation of the above-mentioned series circuit in 
Which the channel Widths of all the transistors 21, . . . , 2” are 

selected in such a Way that each transistor is operative in the 
sub-threshold region thereof Will be explained hereinbeloW. 

The drain current IDS of a MOS transistor in the sub 
threshold region can be expressed as 

0 

Where W denotes the channel Width of the MOS transistor; 
VGS denotes the gate-source voltage; VTC denotes a gate 
source voltage obtained When a constant drain current 
begins to How in the transistor having a channel Width W0. 
Further, S denotes a S factor as expressed below: 

(2) 

Where k denotes the BoltZmann’s constant; T denotes the 
absolute temperature; q denotes the elementary electric 
charge; COX denotes a capacity of the gate oxide ?lm; and 
CD1, denotes a capacity of a depletion layer under the gate. 
As described above, When the MOS transistors 2i (i=, 

2, . . . , n) each having a source terminal connected to the 

substrate terminal and a drain terminal connected to the gate 
thereof are connected in series by n-stages by connecting the 
drain terminal of the MOS transistor 2i to the source terminal 
of the adjacent MOS transistor 2i+1 sequentially as shoWn in 
FIG. 1, since the current ?oWing through each of the 
transistors is equal to each other, as far as the channel Width 
of each of the transistor is equal to each other, the folloWing 
expression can be obtained 

(3) 

Where Vi and Vi+1 (i=1, . . . , n) denote the source and drain 
potentials of the series connected MOS transistors 2i, respec 
tively. 

Therefore, the folloWing expression can be obtained on 
the basis of the above expression (3): 

(4) 

Therefore, it is possible to generate a potential difference 
obtained by dividing the voltage (|V1—Vn+1|=|VX—VY|) 
applied betWeen both ends of the series connected transistor 
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circuit by the number (n) of the transistors betWeen the 
source terminal and the drain terminal of each transistor. In 
other Words, the value obtained by dividing the voltage 
(|VX—VY|) across the series connected transistor circuit by 
the number (n) of the transistors for constituting the tran 
sistor circuit becomes equal to or loWer than the threshold 
voltage of the transistor 2i. As a result, When the series 
connected transistor circuit as described above is used, it is 
possible to form a substrate potential detecting circuit of 
small current consumption in a small pattern area. 

FIG. 2 shoWs the second embodiment of the substrate 
potential detecting circuit according to the present invention. 
In this second embodiment, the p-type MOS transistors 2, 
shown in FIG. 1 are all replaced With series connected 
n-type MOS transistors 41, . . . , 4”. In each of the transistors 

4i (i=1, 2, . . . , n), the source terminal thereof is connected 
to the substrate terminal thereof, and the drain terminal 
thereof is connected to the gate terminal thereof, respec 
tively. Further, a potential VX is applied to the drain terminal 
of the transistor 41; another potential VY (<VX) is applied to 
the source terminal of the transistor 4”; and an output signal 
VOW is derived from an intermediate junction node of the 
above-mentioned series connected transistor circuit. 

Further, the channel Widths of all the transistors 41, . . . , 

4” are determined equal to each other, and the channel Width 
thereof is so selected that the transistor is operative in the 
sub-threshold region of the transistor. 
The second embodiment of the substrate potential detect 

ing circuit as shoWn in FIG. 2 is of course provided With the 
same effect as With the case of the ?rst embodiment shoWn 
in FIG. 1. 

FIGS. 3A and 3B shoW the third embodiment of the 
substrate potential detecting circuit, in Which FIG. 3A shoWs 
the circuit construction and FIG. 3B is used to explain the 
operation thereof. This third embodiment is different from 
the ?rst embodiment in that an RS ?ip-?op circuit composed 
of an inversion gate 5 and tWo cross-connected tWo-input 
NAND gates 61 and 62 is additionally connected. 
A set terminal S of the RS ?ip-?op 6 is connected to an 

intermediate junction node A having a higher potential 
betWeen the tWo intermediate junction nodes A and B of the 
series circuit composed of n-units of series connected p-type 
MOS transistors 21, . . . , 2n, and a reset terminal R thereof 

is connected to another intermediate junction node B having 
a loWer potential betWeen the tWo nodes A and B via an 
inversion gate 5. 

In this third embodiment, the output signal of the substrate 
potential detecting circuit is derived from a Q output termi 
nal of the RS ?ip-?op circuit 6. Further, in the same Way as 
With the case of the ?rst embodiment, the channel Widths of 
all the transistors 21, . . . , 2” are determined equal to each 

other, and the channel Width thereof is so selected that the 
transistor is operative in the sub-threshold region of the 
transistor. Therefore, the value obtained by dividing the 
voltage applied across both the terminals of the series 
connected transistor circuit by the number n of the transis 
tors for constituting the series circuit is equal to or smaller 
than the threshold voltage value of the transistors 2, 
(i=1, . . . , n). 

The operation of the third embodiment Will be explained 
hereinbeloW With reference to FIG. 3B. In the case Where a 
supply voltage VDD (drive supply voltage) is applied to the 
source of the transistor 21, the drain of the transistor 2” is 
connected to the p-type substrate, and the potential of this 
p-type substrate is an input signal. In this case, When the 
input signal is at an H level, this implies that the potential of 
the p-type substrate is higher than a predetermined value 
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(<0). On the other hand, When the input signal is at an L 
level, this implies that the potential of the p-type substrate is 
loWer than the predetermined value. 

Further, in the case Where a ground voltage is applied to 
the drain of the transistor 2”, the source of the transistor 21 
is connected to the n-type substrate, and the potential of this 
n-type substrate is an input signal. In this case, When the 
input signal is at an H level, this implies that the potential of 
the n-type substrate is higher than a predetermined value 
(>VDD). On the other hand, When the input signal is at an L 
level, this implies that the potential of the n-type substrate is 
loWer than the predetermined value. 
When the input signal is at the H level, since the set input 

S of the RS ?op-?op circuit 6 is at H and since the rest input 
R thereof is at L, the output of the RS ?ip-?op circuit 6 is 
at H, as listed in FIG. 3B. Here, When the input signal 
changes from H to L, since the level at the junction node B 
changes from H to L and thereby since the reset input R of 
the RS ?ip-?op circuit 6 changes to H, the tWo inputs of the 
RS ?ip-?op circuit 6 are both at H, and the output of the RS 
?ip-?op circuit is kept at H, as listed by FIG. 3B. Further, 
When the input signal level decreases and thereby the 
potential level at the junction point node A changes from H 
to L, since the set input S of the RS ?ip-?op circuit 6 is at 
L and the reset input R thereof at H, the output changes to 
L, as listed by FIG. 3B. 

In contrast With this, When the input signal changes from 
L to H, since the potential level at the junction node A 
changes from L to H and thereby since the set input S of the 
RS ?ip-?op circuit 6 changes to H, the tWo inputs of the RS 
?ip-?op circuit 6 are both at H, and the output of the RS 
?ip-?op circuit is kept at L. Further, When the input signal 
level increases and thereby the potential at the junction point 
node B changes also from L to H, since the set input S of the 
RS ?ip-?op circuit 6 is at H and the reset input R thereof at 
L, the output changes to H, as listed by FIG. 3B. 

Therefore, in this third embodiment, the change in poten 
tial level of the signal input to L can be detected by the 
potential at the junction node A, and the change in potential 
level of the signal input to H can be detected by the potential 
at the junction node B. In other Words, in this embodiment 
of the substrate potential detecting circuit, since the RS 
?ip-?op circuit 6 is provided With Schmitt gate character 
istics having a hysteresis Width Which corresponds to the 
potential difference betWeen the tWo junction nodes, the 
circuit is not susceptible to the in?uence of noise. 

FIGS. 4A and 4B shoW the fourth embodiment of the 
substrate potential detecting circuit according to the present 
invention, in Which FIG. 4A shoWs the circuit construction 
and FIG. 4B is used to eXplain the operation thereof. In this 
fourth embodiment, the p-type MOS transistors 2,- (n=1, . . . , 
n) shoWn in FIG. 3A are replaced With series connected 
n-type MOS transistors 4,- (i=1, . . . n). In the transistor 4, 
(i=1, . . . , n), the source terminal is connected to the 

substrate terminal, and the drain terminal is connected to the 
gate terminal, respectively. Further, the operation of the 
fourth embodiment as listed in FIG. 4B is the same as With 
the case of the third embodiment as listed in FIG. 3B. 

The fourth embodiment of the substrate potential detect 
ing circuit as shoWn in FIG. 4A is provided With the same 
effect as With the case of the third embodiment shoWn in 
FIG. 3A. 

FIGS. 5A and 5B shoW the ?fth embodiment of the 
substrate potential detecting circuit according to the present 
invention, in Which FIG. 5A shoWs the circuit construction 
and FIG. 5B is used to explain the operation thereof. This 
?fth embodiment is different from the third embodiment 
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shoWn in FIG. 3A in that the RS ?ip-?op circuit 6 composed 
of the inversion gate 5 and the tWo cross-connected tWo 
input NAND gates 61 and 62 is replaced With an RS ?ip-?op 
circuit 8 composed of an inversion gate 7 and tWo cross 
connected tWo-input OR gates {'31 and 82. 

Further, a set terminal S of the RS ?ip-?op 8 is connected 
to a junction node B having a loWer potential betWeen the 
tWo junction nodes A and B of the series circuit composed 
of n-units of series connected p-type MOS transistors 
21, . . . , 2n, and a reset terminal R thereof is connected to 

another junction node A having a higher potential betWeen 
the tWo via an inversion gate 8 via the inversion gate 8. 

In this embodiment, the supply voltage is applied to the 
source terminal of the transistor 21, and the input signal is 
applied to the drain of the transistor 2”. Or else, the input 
signal is applied to the source of the transistor 21, and the 
supply voltage is applied to the drain terminal of the 
transistor 2”. Further, the output signal of the substrate 
potential detecting circuit is derived from a Q output termi 
nal of the RS ?ip-?op circuit 8. 

Further, as shoWn in FIG. 5B, the operation of this ?fth 
embodiment is the same as With the case of the third 
embodiment shoWn in FIG. 3B, so that the same effect can 
be obtained. 

FIGS. 6A and 6B shoW the siXth embodiment of the 
substrate potential detecting circuit according to the present 
invention, in Which FIG. 6A shoWs the circuit construction 
and FIG. 6B is used to eXplain the operation thereof. In this 
siXth embodiment, the series connected p-type MOS tran 
sistors 2i (n=1, . . . , n) shoWn in FIG. 5A are replaced With 

series connected n-type MOS transistors 4,- (i=1, . . . , n). In 

the transistor 4,- (i=1, . . . , n), the source terminal is 

connected to the substrate terminal, and the drain terminal is 
connected to the gate terminal thereof, respectively. Further, 
as listed in FIG. 6B, the operation of the siXth embodiment 
is the same as With the case of the ?fth embodiment as listed 
in FIG. 5B, so that the same effect can be obtained. 

FIG. 7 shoWs the seventh embodiment of the substrate 
potential detecting circuit according to the present invention, 
Which is composed of a ?rst series connected circuit 
(referred to as the ?rst MOS transistor train), a second series 
connected circuit (referred to as the second MOS transistor 
train), and an RS ?ip-?op circuit 16. The ?rst MOS tran 
sistor train is composed of n-units (n22) of p-type MOS 
transistors 21, . . . , 2”. The second MOS transistor train is 

composed of m-units (mi2) of p-type MOS transistors 
121, . . . , 12”. The RS ?ip-?op circuit 16 is composed of an 
inversion gate 15 and tWo cross-connected tWo-input NAN D 
gates 161 and 162. 

In the ?rst series connected circuit, in the same Way as 
With the case of the ?rst embodiment shoWn in FIG. 1, the 
source terminal of each transistor 2,- (i=1, 2, . . . , n—1) is 
connected to the substrate terminal thereof, and the drain 
terminal thereof is connected to the gate terminal thereof. In 
other Words, the drain terminal of a transistor 2,- (i=1, 2, . . . , 
n—1) is connected the source terminal of another transistor 
2H1. Further, a supply voltage or an input signal is applied 
to the source terminal of the transistor 21, and the input 
signal or the supply voltage is applied to the drain terminal 
of the transistor 2”. 

Further, in the second series connected circuit, in the same 
Way as above, the source terminal of each transistor 12]- (j=1, 
2, . . . , m) is connected to the substrate terminal thereof, and 

the drain terminal thereof is connected to the gate terminal 
thereof. In other Words, the drain terminal of a transistor 12] 
(j=1, 2, . . . , m—1) is connected the source terminal of 

another transistor 12M. Further, the source terminal of the 
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transistor 121 is connected to a higher potential junction 
node Aof the tWo intermediate junction nodesA and B of the 
?rst series connected circuit (the ?rst transistor train), and 
the drain terminal of the transistor 12m is connected to a 
loWer potential junction node B of the tWo intermediate 
junction nodes A and B thereof. 
On the other hand, the set terminal S of the ?ip-?op circuit 

16 is connected to a higher potential junction node C of the 
tWo intermediate junction nodes C and D of the second 
series connected circuit (the second transistor train), and the 
reset terminal R of the ?ip-?op circuit 16 is connected to a 
loWer potential junction node D of the tWo intermediate 
junction nodes C and D thereof via the inversion gate 15. 
Further, the output signal is derived from the Q output 
terminal of the ?ip-?op circuit 16. 

Here, the channel Widths of all the MOS transistors 
constituting the ?rst MOS transistor train are equal to each 
other, and the channel Widths of all the MOS transistors 
constituting the second MOS transistor train are also equal 
to each other. Further, the channel Width of the transistor is 
so selected that the transistor is operative in the sub 
threshold region of the transistor. When the channel Width is 
selected as described above, a value obtained by dividing the 
voltage betWeen both the end terminals of the ?rst MOS 
transistor train by the number of the same MOS transistors 
becomes equal to or loWer than the threshold voltage of the 
p-type MOS transistor. In the same Way, a value obtained by 
dividing the voltage betWeen both the end terminals of the 
second MOS transistor train by the number of the same 
MOS transistors becomes equal to or loWer than the thresh 
old voltage of the p-type MOS transistor. 

Therefore, for instance, in the case Where the ?rst MOS 
transistor train is constructed by ten transistors (n=10) and 
further Where the second MOS transistor train is constructed 
by ten transistors (m=10) betWeen the fourth and ?fth 
junction nodes counted from one end of the ?rst MOS 
transistor train, if the output potential is derived from the 
third junction node counted from the same end of the second 
MOS transistor train, the derived output voltage is equal to 
a potential of 43/100 of the voltage betWeen both ends of the 
?rst MOS transistor train. Here, if this output voltage is 
required to obtain by only the ?rst MOS transistor train, 
100-units of transistors are necessary (n=100). As describe 
above, in this seventh embodiment, since the tWo transistor 
trains are assembled With each other hierarchically, it is 
possible to realiZe a ?ne adjustment of the output potential 
by use of a lesser number of transistors, as compared With 
When the same ?ne adjustment is achieved by the single 
transistor train. Here, it is of course possible to increase the 
number of the hierarchical transistor trains more than three. 
The seventh embodiment of the substrate potential detecting 
circuit as shoWn in FIG. 7 is of course provided With the 
same effect as With the case of the third embodiment shoWn 
in FIG. 3A. 

Further, in this seventh embodiment, although the tWo 
input NAND gates are used as the ?ip-?op circuit, it is of 
course possible to use the tWo-input OR gates in the same 
Way as With the case of the ?fth embodiment shoWn in FIG. 
5A. 

FIG. 8 shoWs the eighth embodiment of the substrate 
potential detecting circuit according to the present invention. 
In this embodiment, the p-type MOS transistors 2,- (n=1, . . . , 
n) for constituting the ?rst transistor train shoWn in FIG. 7 
are replaced With n-type MOS transistors 4,- (i=1, . . . , n). 

Further, the p-type MOS transistors 12,- (n=1, . . . , m) for 
constituting the second transistor train shoWn in FIG. 7 are 
replaced With n-type MOS transistors 14]- (j=1, . . . , 
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In the transistors 4,- (i=1, . . . , n) and the transistors 14] 

(j=1, . . . , m) of the ?rst and second transistor trains, the 
source terminal thereof is connected to the substrate terminal 
thereof, and the drain terminal thereof is connected to the 
gate terminals thereof, respectively. 

Further, the channel Widths of all the transistors 4i for 
constituting the ?rst transistor train are determined equal to 
each other, and the channel Widths of all the transistors 14] 
for constituting the second transistor train are determined 
equal to each other. Further, the channel Width is so selected 
that the transistor is operative in the subs-threshold region. 
The operation of the eighth embodiment as shoWn in FIG. 8 
is the same as With the case of the seventh embodiment 
shoWn in FIG. 7, so that the same effect can be obtained. 

Further, in this eighth embodiment, although the tWo 
input NAND gates are used as the ?ip-?op circuit, it is of 
course possible to use the tWo-input OR gates in the same 
Way as With the case of the siXth embodiment. 

Further, in the seventh and eighth embodiments shoWn in 
FIGS. 7 and 8, although the output is derived from the 
second transistor train via the ?ip-?op circuit, it is possible 
to derive the output from the ?rst transistor train. 

In the above-mentioned embodiments, When the supply 
voltage applied to one end of the series circuit is set to VDD, 
and the input signal inputted to the other end thereof is set 
to a potential equal to or loWer than that of the p-type or 
n-type Well potential (usually equal to or loWer than the 
ground potential), the substrate potential detecting circuit 
can operate so as to detect Whether the potential of the p-type 
substrate or the p-type Well is higher or loWer than a 
potential or not. 

In the same Way, When the supply voltage applied to one 
end of the series circuit is set the ground potential, and the 
input signal is set to the potential of the n-type substrate or 
the n-type Well (usually equal to or higher than VDD), the 
substrate potential detecting circuit can operate so as to 
detect Whether the potential of the n-type substrate or the 
n-type Well is higher or loWer than a potential or not. 
As described above, in the substrate potential detecting 

circuit according to the present invention, the poWer con 
sumption can be reduced, and further the circuit can be 
formed in a small pattern area. 
What is claimed is: 
1. A substrate potential detecting circuit, comprising: 
a series circuit composed of a plurality of same 

conductivity type MOS transistors each having a source 
terminal connected to a substrate terminal thereof and 
a drain terminal connected to a gate terminal thereof, 
channel Widths of all the MOS transistors being deter 
mined equal to each other and so selected that all the 
transistors are operative in a subthreshold region, 
respectively, 

an inversion gate; and 
an RS ?ip-?op circuit having: 

a set input terminal connected to one of tWo different 
junction nodes of a transistor train for constituting 
the series circuit, and 

a reset terminal connected to the other of the tWo 
different junction nodes via the inversion gate, 
Wherein one end of the series circuit is connected to 
a supply voltage, and a substrate potential or a Well 
potential is inputted to the other end of the series 
circuit, and an output is derived from a Q output 
terminal of the RS ?ip-?op circuit. 

2. The substrate potential detecting circuit of claim 1, 
Wherein the RS ?ip-?op circuit is composed of tWo cross 
connected tWo-input NAND gates, and potential at one of 
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the junction nodes is higher than that at the other of the 
junction nodes. 

3. The substrate potential detecting circuit of claim 1, 
Wherein the RS ?ip-?op circuit is composed of tWo cross 
connected tWo-input NOR gates, and potential at one of the 
junction nodes is loWer than that at the other of the junction 
nodes. 

4. A substrate potential detecting circuit, comprising: 
?rst to n-th (n22) series circuits each composed of a 

plurality of sarne-conductivity type MOS transistors; 
each of the transistors for constituting the i-th (i=2, . . . , 

n) series circuit having a source terminal connected to 
a substrate terrninal thereof and a drain terrninal con 

nected to a gate terrninal thereof; the i-th (i=1, . . . , n) 
series circuit being connected betWeen tWo different 
junction nodes of a transistor train for constituting the 
(i—1)-th series circuit; and channel Widths of all the 
MOS transistors for constituting the i-th (i=1, . . . , n) 
series circuit being determined equal to each other and 
so selected that all the transistors for constituting the 
i-th series circuit are operative in a sub-threshold 
region, respectively, 

Wherein one end of the ?rst series circuit is connected to 
a supply voltage, and a substrate potential or a Well 
potential is inputted to the other end of the ?rst series 
circuit, and an output is derived from an intermediate 
junction node of a transistor train for constituting the 
n-th series circuit. 

5. A substrate potential detecting circuit, comprising: 
?rst to n-th (n22) series circuits each composed of a 

plurality of sarne-conductivity type MOS transistors; 
each of the transistors for constituting the i-th (i=2, . . . , 

n) series circuit having a source terminal connected to 
a substrate terrninal thereof and a drain terrninal con 

nected to a gate terrninal thereof; the i-th (i=1, . . . , n) 
series circuit being connected betWeen tWo different 
junction nodes of a transistor train for constituting the 
(i—1)-th series circuit; and channel Widths of all the 
MOS transistors for constituting the i-th (i=1, . . . , n) 
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series circuit being determined equal to each other and 
so selected that all the transistors for constituting the 
i-th series circuit are operative in a sub-threshold 
region, respectively, 

an inversion gate; and 

an RS ?ip-?op circuit having: 
a set input terminal connected to one of tWo different 

junction nodes of a transistor train for constituting 
the n-th series circuit, and 

a reset terrninal connected to the other of the tWo different 
junction nodes via the inversion gate, 

Wherein one end of the ?rst series circuit is connected to 
a supply voltage, and a substrate potential or a Well 
potential is inputted to the other end of the ?rst series 
circuit, and an output is derived from a Q output 
terminal of the RS ?ip-?op circuit. 

6. The substrate potential detecting circuit of claim 5, 
Wherein the RS ?ip-?op circuit is composed of tWo cross 
connected tWo-input NAND gates, and potential at one of 
the junction nodes is higher than that at the other of the 
junction nodes. 

7. The substrate potential detecting circuit of claim 5, 
Wherein the RS ?ip-?op circuit is composed of tWo cross 
connected tWo-input NOR gates, and potential at one of the 
junction nodes is loWer than that at the other of the junction 
nodes. 

8. The substrate potential detecting circuit of claim 5, 
Wherein the RS ?ip-?op circuit is composed of tWo cross 
connected tWo-input NAND gates, and potential at one of 
the junction nodes is higher than that at the other of the 
junction nodes. 

9. The substrate potential detecting circuit of claim 5, 
Wherein the RS ?ip-?op circuit is composed of tWo-cross 
connected tWo-input NOR gates, and potential at one of the 
junction nodes is loWer than that at the other of the junction 
nodes. 


